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ABSTRACT 

A r e c e n t l y  proposed Apollo 15 l u n a r  s u r f a c e  t i m e l i n e  
c u r r e n t l y  under cons ide ra t ion  a t  MSC i n c l u d e s  a top-hatch EVA 
(or I V A )  s h o r t l y  a f t e r  touchdown. To provide  t i m e  f o r  t h e  I V A ,  
the  l u n a r  s u r f a c e  t i m e l i n e  would have t o  be modified t o  provide 
a rest pe r iod  a f t e r  the I V A  and be fo re  EVA 1, r a t h e r  t han  per-  
forming EVA 1 a f t e r  landing and then  s l e e p i n g ,  as is  c u r r e n t l y  
planned. 

T h e  I V A  provides  an e x t r a  hour of  reconnaissance and 
photo documentation of 360' of t h e  l u n a r  s u r f a c e  from the  LM, 
which may r e s u l t  i n  increased  s c i e n t i f i c  r e t u r n  and may provide  
an oppor tun i ty  f o r  t r a v e r s e  mod i f i ca t ion  based on obse rva t ion  
of t h e  t e r r a i n .  A 180° view of t h e  s u r f a c e  f r o m  3 fee t  lower 
may be ob ta ined  through t h e  LM windows. A 7 hour  EVA 1 can be 
provided by t h e  s l e e p  f irst  p l a n ,  p rovid ing  an oppor tun i ty  t o  
a t t a i n  some of t h e  primary geo log ic  o b j e c t i v e s  i n  t h e  f i r s t  EVA 
and perhaps p e r m i t t i n g  a v i s i t  t o  a p o s s i b l e  v o l c a n i c  construc-  
t i o n a l  complex on EVA 3 .  The EVA 1 t r a v e r s e  would r e q u i r e  r i d -  
i n g  t o  a p o i n t  about 3 km away from t h e  LM a t  t h e  end of an EVA 
which i s  planned,  f o r  t h e  f irst  t i m e ,  t o  be more than  5 hours 
long ,  and which would involve the  f irst  use  o f  the  -7 PLSS and 
the LRV. 

Other  factors which must be cons idered  i n  t h e  proposed 
s l e e p  f i rs t  p l a n  are a long l a s t  s u r f a c e  day culminat ing i n  l i f t -  
o f f  and rendezvous, loss of t i m e l i n e  f l e x i b i l i t y  t o  reschedule  
the  f i n a l  s u r f a c e  s l e e p  pe r iod ,  degraded c i r c a d i a n  rhythm, 
reduced l e n g t h  of rest pe r iods ,  an e x t r a  dep res s / r ep res s  c y c l e ,  
a s h i f t  of t h e  E V A ' s  from t h e  day and evening (EST) t o  n i g h t  
and morning, and the de lay  of a l l  EVA's  and PC-2 by about 1 0  
hours  compared t o  t h e  p re sen t  p l an .  The s c i e n t i f i c  and p lanning  . 

advantages of an e x t r a  hour of reconnaissance  from the  t o p  b 

hatch of t h e  LM and an extended EVA 1 must be weighed a g a i n s t  
t h e  d isadvantages  which accrue.  
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FROM: P. Benjamin 

I t  has  r e c e n t l y  been proposed t h a t  the Apollo 15  
l u n a r  s u r f a c e  t i m e l i n e  be modified t o  inc lude  a top-hatch EVA, 
s o m e t i m e s  c a l l e d  an I V A ,  s h o r t l y  a f t e r  landing.  I n  t h i s  top- 
ha t ch  EVA one crewman would s t a n d  on the a s c e n t  engine cover 
and survey t h e  l u n a r  s u r f a c e  from t h e  t o p  ha tch  of t h e  LM f o r  
about  1 hour. L i f e  suppor t  dur ing  t h e  EVA would be supp l i ed  by 
t h e  LM ECS. To  accommodate t h e  I V A ,  t h e  l u n a r  s u r f a c e  t i m e l i n e  
would be modified t o  provide a res t  pe r iod  a f t e r  t h e  IVA and 
before EVA 1, rather than  performing EVA 1 a f t e r  landing  and 
then  s l e e p i n g ,  as i s  c u r r e n t l y  planned. The c u r r e n t  EVA f i r s t  
and proposed I V A  and s l e e p  f i rs t  t i m e l i n e s  as cons t ruc t ed  by 
MSC (1) a r e  shown i n  Figure 1. Add i t iona l  proposed changes t o  
t h e  s l e e p  f i r s t  t i m e l i n e  extend EVA 1 t o  7 hours  and reduce EVA 
t o  6 hours.  T h e  b e n e f i t s  and costs of t h e  s l e e p  f i r s t  t i m e -  
l i n e  are manifold,  wi th  a n e t  outcome t h a t  i s  n o t  decisive. 
An a t t empt  is made here t o  d i s c u s s  b r i e f l y  some of  t h e  i s s u e s .  

3 

RATIONALE 

The proposed change main ta ins  the  t o t a l  s u r f a c e  EVA 
t i m e  and adds 1 hour of s u r f a c e  obse rva t ion .  From a s c i e n t i f i c  
p o i n t  o f  view t h i s  can only be a b e n e f i t .  C l e a r l y ,  t h e  prel im- 
i n a r y  reconnaissance  a f forded  by t h e  I V A  can c o n t r i b u t e  pos i -  
t i v e l y  t o  t h e  s c i e n t i f i c  r e t u r n  by provid ing  t h e  c r e w  wi th  an 
i n i t i a l  estimate of t h e  luna r  t e r r a i n  i n  t h e  v i c i n i t y  of t h e  LM. 
I t  provides  an oppor tun i ty  f o r  a 360' photographic  pan from a 
local h igh  p o i n t ,  allows s t e r e o  documentation of t h e  a r e a  close 
t o  t h e  LM, and pe rmi t s  an e a r l y  d e s c r i p t i o n  of t e r r a i n  and 
geology t o  ear th-based p lanners .  A l s o  t h e  c r e w  have a chance 
t o  observe t h e  t e r r a i n  c h a r a c t e r i s t i c s  as they  might affect  
t h e  l a t e r  EVA a c t i v i t i e s ,  which may be of use i n  modifying 
traverse p lans .  

A 180' view of t h e  l u n a r  s u r f a c e  can,  however, be 
o b t a i n e d  f r o m  a p o i n t  only 3 f e e t  lower -- o u t  t h e  LM windows. 
T h i s  view can, a d d i t i o n a l l y ,  be ob ta ined  wi thout  t h e  consumables 
cost ,  t i m e l i n e  impact,  and e x t r a  dep res s / r ep res s  r e q u i r e d  by 
the IVA. Thus 3 f e e t  i n  ex t ra  e l e v a t i o n  and an e a r l i e r  view o f  
180° of t h e  l u n a r  s u r f a c e  may be regarded a s  t h e  primary advan- 
t a g e s  of t h e  IVA,  and t h e  va lue  of t h i s  reconnaissance must be 
e v a l u a t e d  a g a i n s t  t h e  disadvantages of t h e  t o t a l  p lan .  O f  
c o u r s e ,  bo th  p l a n s  w i l l  provide s u r f a c e  and t e r r a i n  data immed- 
i a t e l y  upon beginning EVA 1. 
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The t i m e l i n e  impact of t h e  i n t r o d u c t i o n  of t h e  I V A  i s  
s i g n i f i c a n t ,  a s  i n d i c a t e d  i n  F igu re  1. I n  t h e  sleep f i r s t  
proposa l  t he  landing  day i s  reduced by 7 hours  t o  only 1 5  work- 
i ng  hours ,  and t h e  l i f t o f f  day i s  extended from 1 6  t o  22 work- 
i n g  hours .  A crew, upon landing on t h e  moon, w i l l  probably be 
r e l a t i v e l y  e x c i t e d ,  and i s  less l i k e l y  t o  g e t  a very  good rest  
a f t e r  a s h o r t  than  a f t e r  a nominal work day. Previous exper i -  
ence suppor t s  t h i s  obse rva t ion ,  and t h e  Medical Research  and 
Operat ions D i r e c t o r a t e  (MROD) a t  MSC has  recommended t h a t ,  
based upon a p h y s i o l o g i c a l  a n a l y s i s ,  t h e  f irst  day  on  t h e  moon 
should be  long,  rather than s h o r t  (2). Lack of s l e e p  dur ing  
t h e  f i r s t  rest pe r iod  would r e s u l t  i n  an inc reased  l e v e l  of 
f a t i g u e  on succeeding days. 

I t  w a s  considered impor t an t ,  i n  prev ious  p lanning ,  t o  
minimize t h e  l e n g t h  of the f i n a l  day on t h e  s u r f a c e  i n  order  t o  
maximize c r e w  e f f e c t i v e n e s s  du r ing  l i f t o f f  and rendezvous. One 
of t h e  s t r o n g e s t  arguments f o r  adopt ing the c u r r e n t l y  approved 
6 6  hour s u r f a c e  t i m e l i n e  was t o  provide  a rest  p e r i o d  p r i o r  t o  
l i f t o f f  so t h a t  the  crew could be rested fo r  one of t h e i r  m o s t  
c r i t i c a l  t a s k s .  I t  w a s  suggested,  a t  t h e  t i m e  t h a t  p l an  w a s  
adopted, t h a t  an a l t e r n a t e  p l an  be developed g iv ing  t h e  c r e w  
the o p t i o n  t o  dec ide  i n  r e a l  t i m e  t o  s k i p  the f i n a l  res t  pe r iod  
i f  t hey  w e r e  s u f f i c i e n t l y  r e s t e d .  T h i s  provides  t i m e l i n e  f l e x i -  
b i l i t y  which i s  n o t  available i n  t h e  s l e e p  f i r s t  p l an .  The 
s l e e p  f i r s t  t i m e l i n e  does not  provide any p o s s i b i l i t y  f o r  t h i s  
f i n a l  rest pe r iod  be fo re  l i f t o f f ,  and thus  forces the c r e w  t o  
perform t h e  d i f f i c u l t  and exac t ing  tasks  of l i f t o f f  and rendez- 
vous a t  t h e  end of a long day which inc ludes  an EVA. 

Ci rcadian  rhythm w a s  a l s o  cons idered  an impor tan t  
facet of t h e  c u r r e n t  66  hour t i m e l i n e  when it w a s  approved. 
For a J u l y  launch t o  H a d l e y  (0753 EST) the  rest pe r iods  of t h e  
c u r r e n t  t i m e l i n e  d e v i a t e  from t h e  normal 24 hour d a i l y  c y c l e ,  
c a l c u l a t e d  f r o m  launch,  b y  + 6 ,  + 4 ,  +1, and 0 hours  for  t h e  4 
days shown i n  t h e  t i m e l i n e  i n  F igure  1. The s l e e p  f i rs t  t i m e -  
l i n e  proposed i n  F igu re  1 would a l t e r  t h i s  t o  a d e v i a t i o n  of 
-3 ,  -7 ,  -11 and -6 hours ,  making it more d i f f i c u l t  f o r  t h e  c r e w  
t o  o b t a i n  adequate rest. I n  a d d i t i o n , t h e  e x t r a  2 hours  re- 
q u i r e d  f o r  t h e  I V A  f o r c e  two res t  pe r iods  t o  be reduced f r o m  8 
hours  t o  7 hours .  MROD cont inues  t o  main ta in  t h a t  8 hours  i s  
t h e  minimum accep tab le  l e n g t h  of a res t  pe r iod  (2). 

The s l e e p  f i r s t  t i m e l i n e  de l ays  t h e  EVA'S by about 
1 0  hours ,  the  p ros  and cons of which are d i scussed  below, and 
d e l a y s  PC-2 by 11 hours .  The de l ay  of t h i s  p l ane  change would 
reduce  t h e  amount of higher  i n c l i n a t i o n  o r b i t a l  s c i e n c e  ob- 
t a i n e d  from t h e  m i s s i o n .  
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EVA CAPABILITY 

One of t h e  advantages of  t h e  s l e e p  f i r s t  proposa l  i s  
t h a t  by p l a c i n g  EVA 1 on  a short  work day it can be extended t o  
7 hours from t h e  6 hours t o  which it was l i m i t e d  i n  t h e  c u r r e n t  
p l a n  due t o  t h e  long touchdown day. I n  t h e  s l e e p  f i rs t  p l a n ,  
of course ,  EVA 3 i s  only 6 hours  long ve r sus  7 hours  f o r  t h e  
c u r r e n t  t ime l ine .  The  e x t r a  t i m e  on EVA 1, however, permi ts  a 
more ex tens ive  geo log ic  t r a v e r s e  ear l ie r  i n  t h e  mission and t h u s  
allows t h e  primary geologic  o b j e c t i v e s  t o  be i n v e s t i g a t e d ,  a t  
least  c u r s o r i l y ,  i n  the  f i r s t  EVA. Although t h i s  i n c r e a s e s  t h e  
confidence i n  a t t a i n i n g  these  o b j e c t i v e s ,  i t  i s  ob ta ined  by 
de lay ing  EVA 1 by 1 0  hour s .  T h i s  e x t r a  t i m e ,  a s  w e l l  as t h e  
e x t r a  dep res s / r ep res s  cyc le  r e q u i r e d  f o r  t h e  I V A ,  reduce t h e  
confidence of  deploying ALSEP compared t o  t h e  p r e s e n t  p l an .  

Although t h e  primary geo log ic  o b j e c t i v e s  may be 
v i s i t e d  on EVA 1 i n  the s l e e p  f i r s t  p l a n ,  it i s  q u e s t i o n a b l e  
whether s u f f i c i e n t  t i m e  w i l l  be a v a i l a b l e  fo r  a thorough inves -  
t i g a t i o n  of t h e  a rea .  Tnus a second t r a v e r s e  t o  the s a m e  area 
may be r equ i r ed .  Should t h i s  r e v i s i t  no t  be r e q u i r e d ,  a t ra-  
verse could extend t o  a p o s s i b l e  v o l c a n i c  c o n s t r u c t i o n a l  com- 
p l e x  t o  the n o r t h  of t h e  landing s i t e  which could o therwise  n o t  
be examined. T h i s  would be a clear advantage of o b t a i n i n g  a 7 
hour EVA 1. 

The f i rs t  use  of  the  -7 PLSS, t h e  f i rs t  use  of t h e  
LRV, and t h e  f i r s t  ex tens ion  of an EVA beyond 5 hours  are a l l  

g e n e f i t s  of t h e  s l e e p  f i r s t  p l a n ,  the  c r e w  would d r i v e  t h e  LRV 
t o  a p o i n t  3 k m  d i s t a n t  from t h e  LM nea r  t h e  end of t h i s  7 
hour EVA. T h i s  matter i s  worthy of s e r i o u s  cons ide ra t ion .  

lanned f o r  EVA 1 on Apollo 15. I n  o r d e r  t o  o b t a i n  t h e  geo log ic  

By r e v e r s i n g  the  EVA sequence and doing a 7 hour EVA 1 
and a 6 hour EVA 3,  as the mod i f i ca t ion  of t h e  sleep f i r s t  p l a n  
proposes ,  EVA l e n g t h s  a r e  more compatible wi th  o v e r a l l  consumables 
c a p a b i l i t i e s .  Due t o  inc reas ing  sun angles  and i n c r e a s i n g  leak 
rates EVA c a p a b i l i t y  decreases  w i t h  t i m e .  However, a disadvan- 
tage of t h e  proposed p l a n  is t h a t  it de lays  a l l  three E V A ' s ,  
w i t h  consequent h i g h e r  sun ang le s  and lower consumables margins. 

TELEVISION 

For a J u l y  launch t o  Hadley (0753 EST) touchdown w i l l  
occur  a t  1827 EST on J u l y  3 0 .  A s  i s  shown i n  Table 1, by t h e  
p r e s e n t  l u n a r  s u r f a c e  t i m e l i n e  a l l  t h e  E V A ' s  would occur  du r ing  
t he  day o r  evening i n  this count ry ,  w i t h  a l l  E V A ' s  r e c e i v i n g  prime 
t i m e  t e l e v i s i o n  coverage. R e f l e c t i n g  t h e  d i f f e r e n c e s  i n  t h e  
c i r c a d i a n  rhythm, t h e  proposed I V A  p l a n  would r e s u l t  i n  a s h i f t  
t o  the n i g h t  and e a r l y  morning hour s ,  w i t h  the only  prime t i m e  
coverage being t h e  beginning of EVA 3 i n  t h e  P a c i f i c  t i m e  zone. 
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SUMMARY 

An e x t r a  hour of reconnaissance and photo documenta- 
t i o n  of t h e  l u n a r  s u r f a c e  may r e s u l t  i n  i nc reased  s c i e n t i f i c  
r e t u r n  from t h e  mission and may provide an oppor tun i ty  t o  per- 
form some p re l imina ry  t r a v e r s e  planning and mod i f i ca t ion  
based on obse rva t ion  of  t h e . t e r r a i n .  An e v a l u a t i o n  must com- 
pa re  t h e  b e n e f i t s  of  a 360° pre l imina ry  view from t h e  LM t o p  
ha tch  and a 180' view of t h e  s u r f a c e  from t h e  LM windows, 3 
f e e t  lower. 

The va lue  of a 7 hour EVA 1 rests p r i m a r i l y  i n  t h e  
a b i l i t y  t o  sample, a t  l eas t  b r i e f l y ,  t h e  primary g e o l o g i c  objec-  
t i v e s  i n  t h e  f i r s t  EVA and t h e  p o s s i b i l i t y ,  i f  r e t u r n  t o  t h e  
a r e a  of primary geo log ic  i n t e re s t  i s  n o t  r e q u i r e d ,  of sampling 
a c o n s t r u c t i o n a l  complex of p o s t u l a t e d  v o l c a n i c  o r i g i n  on EVA 3.  
T o  o b t a i n  t h i s , o n e  must accept  a t r a v e r s e  ex tending  about 3 k m  
away from t h e  LM a t  t h e  end of an EVA which i s  planned, f o r  t h e  
f i r s t  t i m e ,  t o  be more than  5 hours  long ,  and which would 
involve  t h e  f i r s t  use of t h e  -7 PLSS and t h e  LRV. 

Other  f a c t o r s  which r e s u l t  from t h e  s l e e p  f i r s t  p l an  
i n c l u d e  a long l i f t o f f  day w i t h  a t i r e d  c r e w  a t  l i f t o f f  and 
rendezvous,  t h e  s h o r t  touchdown day wi th  a probably e x c i t e d  
crew t h a t  may n o t  res t ,  l o s t  o f  t i m e l i n e  f l e x i b i l i t y ,  and a 
degraded c i r c a d i a n  rhythm. I n  a d d i t i o n ,  an e x t r a  depress /  
r e p r e s s  c y c l e  is  r e q u i r e d ,  a l l  E V A ' s  i n  t h e  proposed p l a n  occur  
about 1 0  hours  l a t e r  than  i n  t h e  p r e s e n t  p l a n ,  and PC-2 i s  
delayed 11 hours ,  w i th  p o s s i b l e  consequent r educ t ion  i n  s c i e n -  
t i f i c  r e t u r n .  To f i t  t h e  IVA i n t o  t h e  66  hour t i m e l i n e  a lso 
r e q u i r e s  a r educ t ion  i n  t h e  l e n g t h  of t w o  s l e e p  pe r iods  from 
8 t o  7 hours.  The p r e s e n t  p l a n  r e s u l t s  i n  E V A ' s  dur ing  t h e  day 
and evening hours  i n  t h i s  country,  wh i l e  t h e  proposed p l a n  
s h i f t s  t h e  E V A ' s  t o  t h e  n i g h t  and e a r l y  morning. 

The s l e e p  f i r s t  t i m e l i n e  may provide  s c i e n t i f i c  bene- 
f i t ,  b u t  i n c u r s  o p e r a t i o n a l  costs. The advantages of  t h e  s l e e p  
f i r s t  t i m e l i n e  are c lear ,  although n o t  overwhelming, and i t s  
d isadvantages  are s u b s t a n t i a l ,  a l though n o t  p r o h i b i t i v e .  The 
r e l a t ive  m e r i t s  of each t i m e l i n e  must t h e r e f o r e  be examined 
and a d e c i s i o n  on which op t ion  t o  select should be based upon 
t h e  p o t e n t i a l  g a i n  t o  t h e  mission as a whole which could  be 
d e r i v e d  from e i t h e r  t i m e l i n e .  

I"; 
2032-PB-cds 
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